Effect of change in body mass index on morbidity in non-obese university graduates. by Tobe, Kazuo et al.
Acta Medica Okayama
Volume 56, Issue 3 2002 Article 5
JUNE 2002
Effect of change in body mass index on
morbidity in non-obese university graduates.
Kazuo Tobe∗ Toshio Ogura† Chiaki Tsukamoto‡
Hajime Inoue∗∗ Jiro Arata†† Kazuharu Matsuura‡‡
∗Okayama University,
†Okayama University,
‡Okayama University,
∗∗Okayama University,
††Okayama University,
‡‡Okayama University,
Copyright c©1999 OKAYAMA UNIVERSITY MEDICAL SCHOOL. All rights reserved.
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Kazuharu Matsuura
Abstract
To establish the actual serial changes in body weight in Japanese people and to elucidate
the influence of changes in BMI on morbidity, we conducted a historical cohort study of univer-
sity graduates from 1955 to 1990 using questionnaires and BMI data. The subjects of this study
were 3,675 university graduates aged 26-62 years in whom BMI was determined at the time of
enrollment in the university (Pre-BMI), 5 to 40 years earlier. Morbidity (one or more system dis-
eases or obesity-related system diseases) was analyzed according to current age, sex, current BMI,
deltaBMI (difference between current BMI and pre-BMI), and various lifestyle variables. The
proportion of overweight subjects at enrollment to university was higher in recent male students
compared to old students, but not in female graduates, and the BMI in both genders increased
progressively after graduation, especially in recent male graduates. Pre-BMI correlated negatively
and significantly with deltaBMI. The percentages of obese (BMI > or = 30 kg/m2) males and fe-
males were 1.6% and 0.5%, respectively, and high morbidity was observed in 56.1% and 42.2% of
males and females, respectively. Stepwise regression analysis showed that in subjects with normal
BMI at enrollment, prospective morbidity was dependent on ABMI in addition to age. Our results
indicate that in subjects with normal body weight, prospective morbidity is determined by incre-
ment of ABMI, and suggest that maintenance of BMI at the late adolescence level is an important
factor in preventing future disease.
KEYWORDS: body mass index, morbidity, overweight, lifestyle-related diseases, masked obe-
sity, adolescent
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E?ectofChangeinBodyMassIndexonMorbidityin
Non-obeseUniversityGraduates
KazuoTobe?,ToshioOgura??,ChiakiTsukamoto?,HajimeInoue??,
JiroArata??,andKazuharuMatsuura?,
?HealthandMedicalCenter,OkayamaUniversity,Okayama700-8530,Japan,and
?OkayamaUniversityHospital,Okayam700-8558,Japan
ToestablishtheactualserialchangesinbodyweightinJapanesepeopleandtoelucidatetheinﬂuence
ofchangesinBMIonmorbidity,weconductedahistoricalcohortstudyofuniversitygraduates
from1955to1990usingquestionnairesandBMIdata.Thesubjectsofthisstudywere3,675university
graduatesaged26-62yearsinwhomBMIwasdeterminedatthetimeofenrolmentintheuniversity
(Pre-BMI),5to40yearsearlier.Morbidity(oneormoresystemdiseasesorobesity-relatedsystem
diseases)wasanalyzedaccordingtocurrentage,sex,currentBMI,ΔBMI(di?erencebetween
currentBMIandpre-BMI),andvariouslifestylevariables.Theproportionofoverweightsubjects
atenrolmenttouniversitywashigherinrecentmalestudentscomparedtooldstudents,butnotin
femalegraduates,andtheBMIinbothgendersincreasedprogressivelyaftergraduation,especialy
inrecentmalegraduates.Pre-BMIcorrelatednegativelyandsigniﬁcantlywithΔBMI.The
percentagesofobese(BMI 30kg/m?)malesandfemaleswere1.6 and0.5 ,respectively,and
highmorbiditywasobservedin56.1 and42.2 ofmalesandfemales,respectively.Stepwise
regressionanalysisshowedthatinsubjectswithnormalBMIatenrolment,prospectivemorbidity
wasdependentonΔBMIinadditiontoage.Ourresultsindicatethatinsubjectswithnormalbody
weight,prospectivemorbidityisdeterminedbyincrementofΔBMI,andsuggestthatmaintenance
ofBMIatthelateadolescencelevelisanimportantfactorinpreventingfuturedisease.
Keywords:bodymassindex,morbidity,overweight,lifestyle-relateddiseases,maskedobesity,adolescent
B eingoverweightorobeseinadulthoodisconsid-eredtobethemostcriticalriskfactorforchronic
diseasessuchasheartdisease,hypertension,stroke,
diabetesmelitus,hyperlipidemia,andhyperuricemia［1-
3］.Sincetheproportionofobeseindividualshasgradu-
alyincreasedinrecentdecadesindevelopedaswelasin
developingcountries,thehighincidenceofobesityisa
worldwidepublichealthproblem,whichhascontributed
toincreasedmorbidityandmortality［4-7］.Another
relatedissueistheincreasednumberofoverweight
childrenandadolescents［8］.Thus,asuitableand
concertede?ortshouldbetakentopreventafurtherrise
intheincidenceofobesity,andtopreventobesityinboth
theyoungandadultpopulation.
Thelinkbetweenchildhoodandadulthoodobesityhas
beeninvestigatedpreviouslybyseveralgroups.Sawand
Rajan［7］reportedthatbeingoverweightduringchild-
hoodorearlyadolescencefrequentlyleadstoobesityin
adulthood,andthatobesechildrenwhobecomeobese
adultshavemoresevereobesitythandoadultswhose
ReceivedOctober10,2001;acceptedJanuary4,2002.
?Corespondingauthor.Phone:＋81-862-251-7221;Fax:＋81-862-251-7222
E-mail:oguogu＠cc.okayama-u.ac.jp(T.Ogura)
htp://www.lib.okayama-u.ac.jp/www/acta/
ActaMed.Okayama,2002
Vol.56,No.3,pp.149-158
OriginalArticle
Copyright?ｃ2002byOkayamaUniversityMedicalSchool.
1
Tobe et al.: Effect of change in body mass index on morbidity in
Produced by The Berkeley Electronic Press, 2002
obesitystartsinadulthood.Inanotherstudy,Guoetal.
［9］comparedthebodymassindex(BMI)ofyoung
subjects(13-18years)withtheBMIofsubjectsattheage
of35,andconcludedthattheBMIattheageof18was
thefactormostrelatedtoadultobesity.Ithasalsobeen
reportedthatbeingoverweightinadolescenceisamore
powerfulpredictorofmorbiditythanbecomingoverweight
inadulthood,basedonlong-termhealthsurveys［10］.
Theseandotherpreviousreports［11-13］suggestthat
evenatayoungage,obesityisassociatedwithincreased
morbidityandmortality.Toourknowledge,however,
nopreviousstudieshaveinvestigatedthee?ectofchanges
inbodyweightofnon-obeseadolescentsonriskfor
diseasesinthefuture.Toinvestigatethisissue,weneed
toperformlong-termhealthsurveysfromyoungageto
adulthoodusinganidenticalmassgroup.
Inthepresentstudyweinvestigatedtherelationship
betweenchangesinBMIandmorbidityamongatotalof
3,675universitygraduatesatthemeanageof42.8±11.2
years(26-62years)duringaperiodof40yearsonthe
basisoftheirhealthexaminations(age,19.0±0.1years)
uponentrancetoOkayamaUniversity.Theaimsofour
studyweretoestablishtheactualserialchangesinbody
weightinJapanesepeopleandtoelucidatetheinﬂuenceof
thesechangesinBMIonmorbidity,especialythat
amongnon-obeseadolescents.
SubjectsandMethods
Thesubjectsofthisstudywere8,025
graduatesfromOkayamaUniversity.Theywereselected
fromatotalof11,075graduates(male,7,771;female,
3,304)in1955,1960,1965,1970,1976,1980,1985,
1990.Inthepresentstudy,weuseddataonthegradu-
ateswhoenteredtheuniversityin1976insteadofthose
whoenteredin1975assubjects,sincesomehealthdata
recordedforthelatercouldnotberetrieved.Theinclu-
sioncriteriaweretheavailabilityofhealth-relateddata
recordedattheentrancehealthexamination,whichhad
beenstoredintheHealthandMedicalCenterofOkayama
University,andtheavailabilityofupdatedandcurrent
residentialaddressonthealumnaelists.Thestudydesign
wasethicalyapprovedbytheelevenfacultydeansof
OkayamaUniversity.
Anopenquestionnaire,alongwitha
detailedexplanationoftheprojectasdescribedbelow,
wassentto8,025graduatesonJanuary14,1998,using
reply-paidenvelopesandwastobereturnedbyMarch31,
1998.Informedconsentwasobtainedfromeachgraduate.
Thequestionnairesincluded5mainitems:1)Present
height(cm),bodyweight(kg)andwaistmeasurement
(cm).2)Bodyweight(kg)attheagesof20,30,40,50,
and60years,accordingtoageofsubject.3)Datarelated
tobloodpressure(mmHg),andfromrecenturineand
bloodexaminations.4)Anydiseasesthathadbeen
diagnosedpreviouslyorrecentlyataprivateclinicor
hospital.5)Presentandpreviouslifestylepaternssuch
assmokinghabits,levelofalcoholintake,anddaily
exercise.
Thenamesofdiseasesidentiﬁedbythesubjectsofthe
presentstudyfolowedtheInternationalClassiﬁcationof
Diseases,NinthRevision(ICD-9)［14］,whichwere
ﬁnalyclassiﬁedinto17categoriesofdisease,asfolows:
cerebralvasculardisease,respiratorydisease,cardiovas-
culardisease,gastrointestinaldisease(excludingliver
disease),hypertension,urologicaldisease,liverdisease,
hyperlipidemia,hyperuricemia,diabetesmelitus,anemia,
endocrinedisease,malignantdisease,psychologicaldis-
ease,gynecologicaldisease,orthopedicdisease,and
othernon-classiﬁeddiseases.Further,weselected6of
theabove17diseasesandlabeledthemas“obesity-related
diseases”,asfolows:cardiovasculardisease,hyperten-
sion,liverdisease,hyperlipidemia,hyperuricemia,and
diabetesmelitus.Questionnaireresponsesaboutlifestyle
werescoredasnegativeorpositivewithregardtothe
folowingitems:presentorpasthabitualsmoking,pres-
enthabitualconsumptionofalcohol,presentregular
exerciseandpastexercisesuggestedbymembershipof
theuniversitysportsclub.Inthepresentstudy,we
analyzedourdataonlyrelativetothefrequencyof
morbidityamongthesubjects.Sincewefoundonly
severalcasesofdeath,itwassuggestedthatthevery
smalincidenceofmortalitydidnota?ecttheresultsof
ourstudyusingthemorbidityrate.
Morbiditywasclassiﬁedasnoneorthepresenceofat
leastoneofthediseaseslistedabove,diagnosedsince
graduationfromuniversity.Bodyweightwasclassiﬁed
into5groupsbasedon±10and±20 ofthestandard
BMI.ABMIof21kg/m?wasregardedastheideal
BMIinthisstudy,sincetheaverageBMIofmaleand
femalenewly-enroledstudentsinourUniversityfrom
1955to1995was20.9±2.9kg/m?(mean±SEM,n＝
7,771)and20.7±2.1kg/m?(n＝3,304),respectively.
Subjectswereclassiﬁedinto5groupsaccordingtoBMI:
lean group,＜17kg/m?;lean-normalgroup, 17
and＜19;normalgroup, 19and＜23;normal-
Tobeetal. ActaMed.Okayama Vol.56,No.3150
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overweightgroup, 23and＜25;andoverweight
group, 25kg/m?.Therelationshipbetweenmorbidity
andchangesinBMI(ΔBMI),whichrepresentedthe
di?erencebetweenBMIattheentrancehealthexamina-
tion(pre-BMI)andpresentBMI(post-BMI),was
examinedusingthedataofalsubjects.Todeterminethe
generalhealthoutcomeofnon-obesestudents,wealso
dividedsubjectsinto2groups(pre-BMI＜23and 23
kg/m?),andanalyzedtherelationshipbetweenΔBMIand
morbidity.
Datawereexpressedas
mean±SEM.Di?erencesbetweengroupswereanalyzed
forstatisticalsigniﬁcanceusingtheStudent’st-testor
analysisofvariancewhenappropriate.Stepwisemultiple
regressionanalysiswasperformed,usingmorbidity
(numberofdiseaseslistedabove)asthedependentvari-
able.Theindependentvariablesconsideredasriskfor
morbidityincludedage,sex,post-BMI,ΔBMI,present
waistsize,habitualdrinkingandsmoking,presentexer-
cisehabits.APvalue＜0.05denotedthepresenceofa
statisticalysigniﬁcantdi?erence.
Results
ThereplyratesareshowninTable
1,stratiﬁedaccordingtothegraduationyear.Thereply
rateincreasedwiththecurrentageofgraduates,andthe
averagereplyrateforalgraduategroupswas47.2
(3,791/8,025).Afterexcludingquestionnairesthatwere
notansweredcompletely,thecompletedquestionnairesof
3,675subjects(males,2,348,andfemales,1,327;aver-
ageage,42.8±11.2,andrange,26-62)wereselected
foranalysis.Inthestepwiseanalysis,weselectedthe
subjectswhoenteredfrom1955to1980(averageage,
44.9±0.18years;replyrate,53.7 ),sinceweintended
toobtainmoreactualresultsamongthehighreplyrate
group.
Pre-andpost-BMIofeachgrad-
uationgroupareshowninTable2.Themeanageatthe
entrancehealthexaminationofalsubjectswas19.0±0.1
years.Themeanpre-BMIofalmalegraduateswas
similartothatoffemalegraduates.Thepre-BMIgradu-
alyincreasedinmalegraduatesfrom1955to1990,and
percentriseduringthisperiodwas7.96 .However,
BMIwassteadyinfemalesduringthesameperiod
(Table2).Ontheotherhand,thepost-BMIwas
signiﬁcantlyhigherthanpre-BMIinalmalesubjects
irrespectiveoftheyearofenrolment.Infemales,the
post-BMIwassigniﬁcantlyhigherthanpre-BMIinthose
whoenroledin1955to1970,butwassigniﬁcantlylower
thanthepre-BMIingraduatesof1985and1990
(Table2).
Wealsoexaminedtheserialchangesinbodyconstitu-
tionbasedonpre-andpost-BMIfrom1955to1990.The
percentagesofoverweightand/ornormal-overweight
malesatuniversityentrancesteadilyincreasedinprogres-
siveenrolmentyears(orage)inmales,whichincrease
wasassociatedwithafalinthepercentageofnormal
males(Fig.1,leftupperpanel).Suchatendencywas
notclearlyobservedinfemales.Withregardtoserial
changesinbodyconstitutionatsurvey,thepercentagesof
overweightand/ornormal-overweightgroupsgradualy
andsteadilyincreasedwithage(orenrolmentyear)in
bothmalesandfemales(Fig.1,lowerpanels).Thiswas
associatedwithaconcomitantfalinthepercentagesof
leanand/orlean-normalgroupswithageorenrolment
year,especialyinfemales.Theseresultsindicatean
increaseintheobesepopulationassociatedwithafalin
theleanpopulationwithageinbothmalesandfemales.
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Table1 Questionnairereplyrateaccordingtograduategroups
1955? 1960 1965 1970 1976 1980 1985 1990 Total
Numberofmailouts 615 630 746 853 1,076 1,321 1,293 1,491 8,025
Numberofreplies 458 371 414 442 534 593 521 458 3,791
Male 333 276 279 288 329 390 287 243 2,425
Female 125 95 135 154 205 203 234 215 1,366
Rateofanswer(%) 74.5 58.9 55.5 51.8 49.6 44.9 40.3 30.7 47.2
Presentage(years)? 61.1 56.3 51.0 46.2 40.2 36.3 31.1 26.1 42.8
±0.04 ±0.05 ±0.03 ±0.04 ±0.04 ±0.05 ±0.05 ±0.04 ±11.2
?YearrepresentstheyearwheneachgroupenroledatOkayamaUniversity.Dataaremean±SEM.
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Fig.2showsrepresentativetime-coursechangesin
meanBMIattheagesof20,30,40,50,and60years
calculatedfrom questionnairedataofsubjectswho
enroledatourUniversityin1955,1965,1976,and
1985.TheplotsshowprogressiveincreasesinBMIwith
ageinbothmaleandfemalegraduates.Furthermore,
therewasasteepriseinBMIaftergraduationinrecent
malegraduatescomparedwiththemoregradualrisein
oldersex-matchedgraduates.TheincrementinBMIafter
graduationinfemaleswasnotonlyslowcomparedwith
thatofmalegraduatesbutwasalsodecreasedinrecent
graduates(Fig.2).
Fig.3showsΔBMIamong
Table2 BMIatentrancehealthexamination(pre-BMI)andBMIatsurvey(post-BMI)ineachgraduate-group
Males(n＝2,348) Females(n＝1,327)
group
No. Age(years)
Pre-BMI
(kg/m?)
Post-BMI
(kg/m?) No.
Age
(years)
Pre-BMI
(kg/m?)
Post-BMI
(kg/m?)
1990 235 26.3±0.06 21.7±0.20 22.4±0.20? 210 25.9±0.03 20.5±0.16 19.8±0.13?
1985 277 31.3±0.08 21.2±0.16 22.5±0.17? 223 31.0±0.07 20.8±0.13 20.3±0.13?
1980 374 36.4±0.07 21.1±0.12 23.0±0.15? 198 36.0±0.07 20.2±0.12 20.3±0.14
1976 322 40.3±0.06 20.8±0.11 23.2±0.15? 198 40.0±0.03 20.6±0.14 21.0±0.16
1970 278 46.4±0.05 20.2±0.12 23.2±0.16? 151 45.9±0.05 20.6±0.17 21.8±0.19?
1965 268 51.1±0.04 20.1±0.11 23.1±0.15? 129 50.9±0.04 20.5±0.16 21.9±0.20?
1960 267 56.4±0.05 20.1±0.11 23.4±0.15? 93 55.8±0.06 20.6±0.21 21.8±0.23?
1955 327 61.2±0.05 20.1±0.09 23.2±0.16? 125 60.9±0.04 20.9±0.16 22.5±0.27?
Average 44.1±0.23 20.7±0.05 23.0±0.06? 40.6±0.30 20.6±0.06 21.0±0.07?
YearrepresentstheyearofenrolmentatOkayamaUniversity.Agerepresentscurrentageatthetimeofthesurvey.Datarepresentmean±
SEM.Signiﬁcantbypairedt-test,?P＜0.05,?P＜0.01,and?P＜0.0001vs.pre-BMI.
Fig.1 Bodyconstitutionamonggraduate-groupsaccordingtoenrolmentyear.BMI(kg/m?): :＜17; :17 and＜19; :19
and＜23; :23 and＜25; : 25.
Tobeetal. ActaMed.Okayama Vol.56,No.3152
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thegroupsgradedaccordingtopre-BMI.ΔBMIwas
dependentonpre-BMI;namely,thelowerthepre-BMI,
thehighertheincrementinΔBMI,inbothmaleand
femalegraduates.Pre-BMIcorrelatednegativelyand
signiﬁcantlywithΔBMIinbothmales(r＝－0.355,
P＜0.0001)andfemales(r＝－0.345,P＜0.0001).
Therelationshipsbetween
morbidityononehand,andage,post-BMI,andΔBMI
ontheother,areshowninFig.4foralsubjects.The
averagemorbidityratewas53.9and40.9 inalmales
andfemales,respectively.Agingwasclearlyassociated
withincreasedmorbidityrateinbothgenders(Fig.4A).
Althoughbodyconstitutionatenrolmentdidnota?ect
morbidity(datanotshown),morbiditytendedtoincrease
withincreasedpost-BMI(Fig.4B).Therewasagradual
andprogressiveincreaseinmorbidityratewithincreases
inΔBMIingraduatesofbothgenders(Fig.4C).
Table3comparesvarious
parameters(age,pre-BMI,post-BMI,ΔBMI,present
waistmeasurement,andnumberofdiseases)ofsubjects
withpre-BMI＜23kg/m?(lean＋lean-normalandnor-
malBMIgroups)andthosewith 23kg/m?(normal-
overweight＋overweightBMIgroups).Pre-BMI,post-
BMI,andpresentwaistmeasurementinthe 23kg/m?
groupweresigniﬁcantlyhigherthanthoseinthe＜23
kg/m?group,althoughtheΔBMIwassigniﬁcantly
higherinthelaterthanintheformer.Wealsoanalysed
therelationshipbetweenΔBMIandthenumberofdis-
easesreportedbyeachgroup(Fig.5).Inmaleswitha
pre-BMIof＜23kg/m?,thenumberofsystemdiseases
showeda“J-shape”paternatthebotomofunchanging
ΔBMI(－2 and＜＋2kg/m?)(Fig.5Aa),whereasit
gradualyincreasedwithincreasedΔBMIinfemales(Fig.
5Ab).Furtheranalysisshowedthatthenumberof
obesity-relateddiseasesgradualyincreasedwithincreased
ΔBMIinbothmalesandfemales(Fig.5Acandd).In
thepre-BMI 23kg/m?group,theΔBMItendedtobe
associatedwithaphaseincreaseinthenumberofsystem
diseases,butthetendencywasnotasclearasthat
observedinsubjectswithpre-BMI＜23kg/m?(Fig.
5B).ThehighincrementofΔBMIwasonlyassociated
Fig.3 ChangesinBMIaccordingtopre-BMI.IncrementofBMI(kg/m?): : －4; :－4＜and＜－2; :－2 and ＋2;
:＋2＜and＜＋4; : ＋4.
Fig.2 SerialchangesinBMIamonggraduate-groups.Represen-
tativegroupsareshownintheﬁgure(subjectsenroledin1955,1965,
1976,and1985).CurveswereﬁtedusingtheaverageofBMIatthe
agesof18,20,30,40,50,and60years.
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withasigniﬁcantincreaseinsystemdiseasesandparticu-
larlyinobesity-relateddiseases(Fig.5Ba,b,c,andd).
Finaly,stepwisemultipleregressionanalysiswas
performedusingthenumberofdiseasesasthedependent
variableinbothgroups(Table4).Sevenindependent
variablesconsideredasriskfactorsformorbidity,includ-
ingage,gender,post-BMI,ΔBMI,presentwaist
measurement,habitualsmokingandalcoholdrinking,and
presentexerciselevel,wereenteredintotheanalysis.
Age,ΔBMIandgenderweresigniﬁcantindependent
factorsforthenumberofbothsystem diseasesand
obesity-relateddiseasesintheBMI＜23kg/m?group.
IntheBMI 23kg/m?group,ageandΔBMIor
presentwaistmeasurementweresigniﬁcantindependent
factorsforthenumberofbothcomplicatingdiseasesand
obesity-relateddiseases.
Discussion
Inthepresentstudy,weinvestigatedtherelationship
betweenmorbidityandbodyweight,withaspecial
emphasisonchangesinBMI,usingaquestionnaire
surveyforuniversitygraduatesoveraperiodof5to40
years.Thepurposeofourstudywastoexaminethe
prognosisofJapaneseUniversitystudents,andtoevalu-
atetheservicesprovidedthroughtheHealthandMedical
Table3 ComparisonofparametersbetweengraduateswhoseBMIwaslessthan23kg/m?andover23kg/m?,respectively,attheentrance
healthexamination
Males Females
Pre-BMI
＜23kg/m?
Pre-BMI
23kg/m?
Pre-BMI
＜23kg/m?
Pre-BMI
23kg/m?
n 2,055 293 1,186 141
Age(years) 44.7±0.25 37.7±0.58? 40.4±0.32 40.7±0.98
Pre-BMI(kg/m?) 20.1±0.03 24.9±0.12? 20.1±0.04 24.4±0.11?
Post-BMI(kg/m?) 22.6±0.06 25.6±0.18? 20.6±0.06 23.7±0.23?
ΔBMI(kg/m?) 2.59±0.05 0.76±0.16? 0.52±0.06 －0.76±0.23?
Waist(cm) 81.6±0.39 84.9±0.47? 64.5±0.15 68.9±0.54?
Datarepresentmean±SEM.Signiﬁcantbyunpairedt-test,?P＜0.01and?P＜0.0001vs.eachsex-matchedPre-BMI＜23kg/m?.ΔBMI,
di?erencebetweenpre-andpost-BMI.
Fig.4 Relationshipsbetweenmorbidityandage(A),post-BMI(B),andΔBMI(C).Morbiditywasexpressedasthepercentageofindividuals
whohadoneormorediseasesatthetimeofthesurvey.(A)Morbidityaccordingtotheyearofenrolment.(B)Morbidityaccordingtopost-BMI.
(C)MorbidityaccordingtoΔBMI.
Tobeetal. ActaMed.Okayama Vol.56,No.3154
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ＡＢ
Fig.5 RelationshipbetweenmorbidityandΔBMIinsubjectswithBMI＜23kg/m?(A)and 23kg/m?(B)atenrolment.Theordinate
representsthenumberofsubjectswhoreportedoneormorediseases(aandb)orobesity-relateddiseases(candd)asdescribedin“Materials
andMethods”.Closedbars:males,openbars:females.ΔBMI,di?erencebetweenpre-andpost-BMI.Signiﬁcantbyunpairedt-test:A,
?P＜0.001and??P＜0.0001vs.sexmatchedcontrol(ΔBMI, －2and＜2kg/m?);#P＜0.05,##P＜0.01,and###P＜0.0001vs.the
groupwithΔBMI＜－2kg/m?.B,?P＜0.05,??P＜0.01,and???P＜0.0001vs.sexmatchedcontrol(ΔBMI, －2and＜2kg/m?);
#P＜0.05,##P＜0.01,and###P＜0.0001vs.thegroupwithΔBMIis＜－2kg/m?.
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Center(i.e.,themanagementoftheoveralhealthof
students).Themajorﬁndingsofourstudywereas
folows:1)prospectivemorbidityishighinoverweightas
welasinnon-obeseadolescents;2)thelowertheBMIat
enrolment,thehighertheincrementofΔBMI;3)
morbidityisclearlyrelatedtoΔBMIinnon-obeseadoles-
cents.Althoughourstudyusedalimitedsamplesize
(universitygraduates),webelievethattheresultsrepre-
sentthetrueserialchangesinΔBMIandmorbidityin
Japaneseadolescentsandadults.Furthermore,although
self-reporteddatafromquestionnaireswereusedforthe
analysesinthestudy,suchsurveysarereportedlyreliable
sources［15］.
TheBMI(orQuetelet’sindex)hasbeengeneralyused
asanindexofobesity［3-5,16］.Inadults,aBMI
cuto?valueof30kg/m?hasbeenusedtodeﬁneobesity
［5,16,17］.Theproportionofobesepopulationin
Westerncountriesisreportedtobe15-25［5］,while
itisunder2-3 inJapan［18］.Indeed,thepresent
studyshowedthattheobesepopulationwithBMI＞30
kg/m?formed1.6 and0.45 ofmaleandfemale
populationsamples,respectively.Evenwhenusingthe
recentdeﬁnitionofobesity(BMI＞25kg/m?)［19］,the
incidenceofobesityinJapanesemalesandfemaleswas
only17.1 and5.4 ,respectively,whichisstillower
thanthatreportedinWesterncountries.Inspiteofthese
ﬁgures,ahighmorbidityof53.9 and40.9 was
observedinourmaleandfemalesubjects,respectively.
Althoughthecorrelationbetweenobesityandincreased
mortalityandmorbidityiswelestablished,ourdatashow
ahighmorbidityamongnon-obeseJapaneseindividuals.
Theseﬁndingsraiseseveralimportantquestions.For
example,shouldweonlyconcentrateontherelationship
betweenobeseindividualsandmorbidity?Howdoesthe
changeinbodyweightinﬂuencemorbidity?Howdowe
assessbodyweightinyoung(notonlyoverweightbutalso
non-obese)adolescentswithrespecttofuturedevelopment
ofvariousdiseases?
Inthepresentstudy,thesizeoftheobesepopulation
sampleatenrolmentwasrelativelysmal(subjectswith
BMI 25kg/m?:3.7 ofmalesand2.5 offemales),
buttheincidenceofobesityatthetimeofsurveyincreased
to17.1 and5.4 inmalesandfemales,respectively.
Ourstudyindicatesthattheleaneradolescentstendedto
showfutureincreasesinΔBMI,whiletheoverweight
adolescentstendedtomaintainastablebodyweightover
time,resultinginasigniﬁcantnegativecorrelation
betweenpre-BMIandΔBMI.Theseresultsareclearly
di?erentfromthoseinpreviousreports,whichhave
indicatedthatbeingoverweightinchildhoodoradoles-
cenceleadstomorbidobesityinadulthood［9-13］.Itis
possiblethatthisdi?erencemaybepeculiartoJapanese
universitygraduates.AsteepriseinΔBMIaftergradua-
tionwasparticularlyobservedinrecentmalegraduates.
Webelievethatthisphenomenoninrecentmalegraduates
relatestocontemporarytrendsintheJapaneselifestyle,
suchas“WesternizationofDiet”“SatiationwithFood”,
and“ShortageofExercise”.Ontheotherhand,our
resultsshowedthatrecentfemalegraduatestendedto
sustainorreducetheirBMIwithtime,probablydueto
theprevalenceof“YearningforaSlenderBody”inyoung
females.Thesegenderdi?erenceswerealsoobservedin
serialchangesinbodyconstitutionatenrolment(Fig.1).
Werecentlyreportedtherelationshipbetweenserum
Table4 Multivariatestepwiseregressionanalysisusingmorbidity
asthedependentvariableusingdataof2groups(Pre-BMI＜23
kg/m?andPre-BMI 23kg/m?)
Factorselected
Standardized
regression
coe?cient
Partial
correlation
coe?cient
Multiple
correlation
coe?cient
Pre-BMI＜23kg/m?
(1)Aldiseases
Age(years) 0.384? 0.376
ΔBMI(kg/m?) 0.103? 0.100
Gender －0.053?? －0.054 0.443?
(2)Obesity-related
diseases
Age(years) 0.316? 0.313
ΔBMI(kg/m?) 0.108? 0.065
Gender －0.064? －0.064
Post-BMI(kg/m?) 0.085?? 0.053
Exercise －0.036? －0.040 0.431?
Pre-BMI 23kg/m?
(1)Aldiseases
Age(years) 0.407? 0.411
Waist(cm) 0.136?? 0.149 0.434?
(2)Obesity-related
diseases
Age(years) 0.319? 0.337
Waist(cm) 0.315? 0.333 0.457?
Stepwisemultipleregressionanalysiswasperformed,employing
morbidity(alandobesity-relateddiseases)asthedependentvariable.
Theindependentvariablesconsideredasriskfactorsformorbidity
includedage,gender,post-BMI,ΔBMI,presentwaistsize,habitual
drinkingandsmoking,andpreviousandpresentexerciselevel.?P＜
0.05,??P＜0.01,?P＜0.001,and?P＜0.0001.
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leptinlevelandfatyliverinmalefreshmen［20］.Inthat
study,theproportionofsubjectswithfatyliverwas
markedlyhigheramongmales(10.2 )thanamong
females(2.4 )attheenrolmenthealthexamination,
suggestingthataccumulationofabdominalfatwasmark-
edlyhigherinmalesthanfemales.
Severalstudieshaveindicatedthatbeingoverweightin
adulthoodisanimportantriskfactorformorbidity［1-6］,
butthesigniﬁcanceofchangesinbodyweightfor
morbidityhasnotbeenweldiscussed.Inthepresent
study,wefocusedonΔBMI,especialyamongnon-
obeseadolescents.Ourresultsclearlydemonstratedthat
morbidityneverincreasesindependentofBMI,unless
ΔBMIiskeptunder2kg/m?fromthebasalBMIat19
years.Inotherwords,ourdataimplythatanincrement
ofonly2kg/m?BMIwasassociatedwithasigniﬁcant
increaseinfuturemorbidityamongnon-obeseadolescents.
Achangefrombeingofnormalweighttobeingover-
weight(i.e.,“acquiredobesity”)maybeassociatedwith
increasedmortalityandmorbidityinadulthood［21］.In
particular,asteepriseinbodyweightissuspectedtobe
associatedwithaccumulationofvisceralfat,resultingin
thedevelopmentofassociateddiseases,suchas“Syn-
dromeX”［22］or“DeadlyQuartet”［23］.Withrespect
tooverweightadolescents,asigniﬁcantincreasein
morbiditywasonlyevidentwhenΔBMIexceeded6
kg/m?,andespecialyforobesity-relateddiseases.This
phenomenonwasanotherinterestingﬁndinginourstudy.
Thispeculiarphenomenonmightberelatedtogenetic
elements(nottoacquiredobesity).
TherelationshipbetweenBMIandmorbidity,report-
edtodepicta“J-orU-shape”atthebotomofBMI22
kg/m?,isinaccordwiththeassociationoftheidealvalue
withthelowestmorbidity［24］.However,several
studieshaveexaminedtheidealBMIvalues［11,25-27］.
Theresultsofthesestudiesmaydi?erdependingonthe
methodofsurvey,suchasscaleofstudy,andtheageof
subjectsorethnicgroup,sex,andotherriskfactors
［28］.ThelevelofidealBMIofyoungadolescentsisalso
controversial.Inourstudy,theBMIassociatedwiththe
lowestmorbiditywassuspectedtobelessthan22kg/m?
inbothmalesandfemales.Inaddition,ourresults
indicatedthatΔBMIisamoreimportantriskfactorfor
morbiditythanpresentBMIinnon-obesesubjects,even
ifthemostimportantfactordeterminingmorbidityisage.
Thereisageneralagreementthattherecentincreasein
theproportionofobesepopulationismainlydueto
changesinlifestyle.WesuspectthattheidealBMIisthat
atadolescence,maintainedwithina±2kg/m?rangeof
ΔBMI,sinceeachindividualmayhavehis/herownideal
BMIdependingongeneticelementsratherthanonenvi-
ronmentalfactors.InJapantheremayexistalarge
populationwithnormalBMIthatacquireslifestyle-related
diseasesasaresultofaccumulationofvisceralfatdueto
ahighorrapidincrementinΔBMI(so-caled“Masked
Obesity”).Werecentlyreportedaserialchangeinserum
cholesterollevelsofnewstudentsenrolingatouruniver-
sityfrom1989to1998,showingthatitincreasedamong
non-obesestudentsinbothsexesduringthese10years
［29］.Weshouldconsiderestablishingasetofguidelines
emphasizingtheimportanceofmaintainingbodyweight
fornon-obeseadolescents,althoughitiscommonly
spreadtoguideobesepeopletonormalweight.
Inconclusion,wehavedemonstratedinthepresent
studythattheincrementinΔBMIduringadulthoodisan
importantfactorformorbidity,evenwhenthecurrent
BMIisnothigh.Westronglyemphasizethatmainte-
nanceofBMIatthelevelofadolescenceisoneofthe
criticalfactorsforpreventionoffutureobesityandas-
sociateddiseases.
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